Abstract
Introduction
Approximately 12% of all women will undergo pelvic floor reconstructive surgery for pelvic organ prolapse (POP) in their lifetime [1] . There is an elevated risk of transient postoperative urinary retention ranging from 15 to 45% [2] [3] [4] [5] . Unaddressed urinary retention, or incomplete bladder emptying, can lead to bladder overdistension and elevated intravesicular pressures, with subsequent development of myogenic and neurogenic damage, ureteral reflux, and detrusor dysfunction [6] [7] [8] .
The traditional care model of evaluating voiding function post-operatively is to perform either a retrograde or a spontaneous fill voiding trial on post-operative day 1 [1, 5, 9] . A retrograde voiding trial has a sensitivity of 94.4% and specificity of 58.1% for the detection of urinary retention compared with a spontaneous fill, which has a sensitivity and specificity of 100% and 25.8% respectively [4] . Studies have yet to examine the impact of a day-of-surgery voiding trial on voiding function in women undergoing apical suspension and obliterative procedures. As our institution developed a clinical pathway for same-day discharge in urogynecology patients, we sought to determine the effectiveness of two peri-operative catheter management strategies [10] .
Our primary objective was to evaluate if conducting a voiding trial on the day of surgery would result in faster time to spontaneous void, compared with a standard voiding trial performed on post-operative day 1 in women undergoing major pelvic reconstructive surgery. We hypothesized that performing earlier evaluation would result in earlier catheter removal and consequently faster time to spontaneous void.
Materials and methods

Study design
We conducted a randomized, parallel-arm trial in 57 patients undergoing major pelvic floor reconstructive surgery by 6 FPMRS surgeons at a regional tertiary care center between February 2016 and March 2017. Women were randomized to an early voiding trial 4 hours post-operatively on the day of surgery or a standard voiding trial on post-operative day 1 at 6 am, which was common practice at our institution. Women were followed until the primary endpoint, return of spontaneous void, which was defined as the ability to void without the assistance of a catheter. The time to spontaneous void was compared between voiding trial groups for our primary outcome. This study was approved by the Institutional Review Board of the University of Pittsburgh (PRO15100653 approved 1/14/16) and is registered on www.clinicaltrials.gov (NCT02739256).
Study population
Patients were recruited from urogynecology faculty practices by co-investigators. Women were eligible for enrollment if they were scheduled for surgical repair of POP defined as any apical suspension or obliterative procedure with a planned overnight hospitalization. Exclusion criteria included preoperative incomplete bladder emptying defined as post-void residual (PVR) > 100 ml or neurological conditions known to have an impact on voiding function. After obtaining consent, past medical history, pelvic examination data, and PVR were ascertained from the electronic medical record (EMR). Patients completed baseline questionnaires that included a pain visual analog scale (VAS), State-Trait Anxiety Inventory state subscale (STAI-S), and questions related to catheter bother.
Randomization
Randomization was computer generated with 1:1 group allocation to an early or standard voiding trial in fixed blocks of 6. Randomization was concealed by a research assistant not involved in trial enrollment using consecutively numbered opaque envelopes. Patients were withdrawn from the study before randomization if their surgery was cancelled or if intra-operative events occurred that, in the surgeon's judgment made them ineligible for a voiding trial 4 h after surgery, such as cystotomy or hemodynamic instability. Randomization assignment was performed after conclusion of the surgery in the operating room.
Study interventions
After randomization, all patients entered the post-anesthesia care unit with an indwelling catheter. Participants remained masked to assignment until completion of the first postoperative questionnaire had been administered 4 h after completion of surgery. Allocation concealment was no longer feasible beyond this time-point. Three additional questionnaires were administered 6 h after completion of surgery, 6 am on post-operative day 1, and 8 am on post-operative day 1.
Standardized voiding trials comprised a retrograde, gravity fill of the bladder with 300 mL or the maximum tolerated volume up to 300 mL performed by trained nurses. Once the catheter was removed, the patient immediately attempted to void. We considered patients to have successfully passed the voiding trial when the PVR < 100 mL as measured by the voided volume subtracted from the instilled volume [3] . Patients in either group with vaginal packing placed at the end of the surgery had the packing removed immediately before the voiding trial.
Patients in the early voiding trial group who failed their voiding trial had an indwelling catheter replaced overnight. A second voiding trial attempt was repeated at 6 am on postoperative day 1 to coincide with the timing of the standard voiding trial group. Patients in either group who failed the voiding trial on post-operative day 1 were discharged, performing clean intermittent self-catheterization (CISC) or with an indwelling catheter at the discretion of the surgeon based on patient ability. Voiding trial results were collected on post-operative day 1 by a research assistant or co-investigator.
Patients performing CISC at discharge reached spontaneous voiding when they reported two consecutive PVRs of ≤100 mL or one-third of the total bladder volume. These data were ascertained from participant-completed daily voiding diaries and post-operative nursing calls. Patients who had an indwelling catheter at the time of discharge returned to the office to repeat the voiding trial 2-7 days after surgery at the discretion of the surgeon. The time at which the voiding trial was successfully passed was considered time of spontaneous void. Post-operative outcomes were collected by a research assistant for 6 weeks.
Study outcomes
Our primary aim was to determine if conducting a voiding trial on the day of surgery compared with post-operative day 1 results in faster time to spontaneous void after major prolapse surgery. We hypothesized that a voiding trial conducted on the day of surgery would result in discontinuation of catheter use with overall faster time to spontaneous void. Our primary outcome was time to spontaneous void, as defined above, measured in hours from the end of surgery. In addition, we aimed to determine if the covariates, such as pre-operative PVR, post-operative complications, surgery end after 1 pm, pre-operative prolapse stage, anterior wall prolapse, prolapse procedure performed, concomitant procedures, vaginal packing, estimated blood loss (EBL), and duration of surgery were associated with time to spontaneous voiding. Important secondary outcomes included group comparisons for successful voiding by post-operative day 1, urinary retention management strategy, patient-reported outcomes, length of admission, post-operative complications, emergency department visits, and urinary tract infections. In addition, we assessed factors predictive of spontaneous voiding by the time of hospital discharge.
Post-operative patient-reported outcomes were collected in four questionnaires and included pain, anxiety, and ambulation assessments. Pain scores were measured using the visual analog score (VAS), a continuous scale comprising a horizontal line 10 cm in length, anchored by the verbal descriptors Bno pain^and Bworst imaginable pain^ [11] . Anxiety was measured using a validated measure, the State-Trait Anxiety Inventory state subscale (STAI-S), a 20-item Likert scale assessing the current state of anxiety [12, 13] . Scoring ranges from 20 to 80, with higher scores reflecting situational anxiety and a 10-point change indicating clinical significance [14] . Patient outcomes were assessed by a randomization arm, including the presence of spontaneous void after the first voiding trial attempt and at the time of discharge. Last, we performed a cost-analysis to evaluate differences in cost by early and standard voiding trial groups.
Statistical analysis and sample size
Data are presented as means (± standard deviation) for continuous variables or medians (interquartile range) for data not normally distributed. Categorical data are presented as frequency (percentage). Group means that follow normal distribution were compared using Student's t tests. Non-normal distributions were compared using Wilcoxon rank-sum tests. Chi-squared analyses or Fisher's exact tests were used to compare proportional data.
For the primary outcome, time to spontaneous void, we planned to compare means between early and standard groups using Student's t tests for all women randomized in an intention-to-treat (ITT) analysis. Given that time data can be skewed with a right tail, we planned a priori for a logarithmic transformation if necessary. Upon checking for normality, we found that our time to spontaneous void data was skewed, which in part was driven by the small number of patients who were discharged with retention and variation in time to spontaneous void in those with retention. Therefore, a logarithmic transformation of the primary outcome variable was performed before the primary outcome Student's t test analysis. We report p values of this analysis and geometric means of the logarithmic scale (antilogs) for ease of interpretation. We did not use a time-to-event survival analysis for the primary outcome because the goal of the study was to determine time with the catheter, which would be more useful in clinical practice than hazard ratios or survival analysis. In addition to the ITT analysis, a per-protocol (PP) analysis was planned for the primary outcome owing to potential crossover between groups. This analysis excluded patients who did not have the voiding trial on the day assigned to assess the true treatment effect. Univariable and multivariable linear regression were used to determine effects on spontaneous voiding aside from the randomization arm. All baseline and surgical factors with p< 0.2 on univariable analysis were candidate variables for multivariable linear regression, which were fit with backward removal and confirmed with forward addition techniques. Results are presented as adjusted beta (abeta) coefficients and p values.
For our secondary outcomes of voiding trial success rates, emergency department visits, urinary tract infection rates, and post-operative complications, Student's t, Wilcoxon rank sum, Chi-squared, and Fisher's exact tests were used where indicated. To estimate the odds of spontaneous void by discharge on post-operative day 1, uni-and multi-variable logistic regression were used with similar methods to those mentioned for the primary outcome. Results are presented as adjusted odds ratios (aORs) with 95% confidence intervals (CIs). Lastly, generalized linear mixed models were used to analyze patient-reported outcomes over four time points postoperatively by voiding trial group. The cost analysis was performed using Student's t tests to compare group means. All statistical analyses were performed using SAS (Version 9.0; SAS Institute, Cary, NC, USA), except for the cost analysis, which was performed using SPSS (Version 22; IBM, Armonk, NY, USA).
An a priori power calculation was estimated to determine an adequate sample size for our primary outcome. Pilot data from a small, unpublished, prospective cohort demonstrated a mean time to spontaneous void of 29.3 h after voiding trial 4 h post-operatively. The mean time to spontaneous void after a post-operative day 1 voiding trial was 41.5 h [9] . Given this, we estimated that the early voiding trial group would have a 12.2 ± 20-h decrease in time to spontaneous void. Therefore, to detect this difference, 43 patients were needed in each group with a two-sided alpha of 0.05 and a power of 0.8. No interim analyses were planned.
When we planned this trial, the timing of the voiding trial was a perceived barrier to early discharge in urogynecology patients. During the study period, the Department of Obstetrics and Gynecology implemented an initiative for same day discharge after all minimally invasive procedures. This had an impact on enrollment into this trial, leading us to terminate the study before achieving our estimated sample size.
Results
We approached 211 patients for study enrollment, of which 57 consented and were included in the ITT analysis (Fig. 1) . Mean age and BMI were 65 ± 11 years and 27.9 ± 4.4 kg/ m 2 respectively. Most women were Caucasian (93.0%, n = 53) and post-menopausal (n = 51, 89.5%). Almost half had undergone a previous hysterectomy (n = 27, 47.4%). Preoperative POP-Q prolapse stages included: 10.5% stage II (n = 6), 77.2% stage III (n = 44), and 12.3% stage IV (n = 7). Early and standard voiding trial groups had similar baseline characteristics, including anxiety levels ( Table 1) .
Intra-operatively, most women received general anesthesia (n = 42, 73.7%); those who did not received spinal anesthesia. The mean duration of surgery was 2.8 ± 0.9 h. The most common prolapse procedure performed was sacrocolpopexy (33.3% laparoscopic [n = 19]; 3.5% robotic [n = 2]) followed by colpectomy/colpocleisis (35.1% [n = 20]), native tissue repairs (24.6% [n = 14]), and Uphold™ LITE vaginal vault suspension (3.5% [n = 2]). Those with a uterus in situ underwent concomitant hysterectomy (52.6% [n = 30]). Two women in the standard voiding trial group had a concomitant mid-urethral sling. One-quarter of women had vaginal packing placed at the end of the procedure at the discretion of the surgeon and removed before their voiding trial (26.3% [n = 15]). Intra-operative complications were low (3.5% [n = 2]). Early and standard voiding trial groups had similar intra-operative characteristics (Table 1 ).
In the ITT analysis, we were unable to detect a difference in time to spontaneous void in the early voiding trial group compared with the standard group (15.9 ± 3.8 vs 28.4 ± 3.1 h, p = 0.081). In the adjusted analysis using multivariable linear regression we found that an early voiding trial decreased the length of time to spontaneous void (abeta −2.00 h, p = 0.031) when controlling for vaginal packing use at the end of the case (abeta 2.82 h, p = 0.004) and baseline POP-Q stage IV (abeta 2.89 h, p= 0.022). In the PP analysis, which excluded 4 crossover patients, the early voiding trial group demonstrated spontaneous voiding 17.2 h sooner than the standard voiding trial group (14.6 ± 3.7 vs 31.8 ± 2.9 h, p = 0.022). In the adjusted per-protocol analysis, when controlling for vaginal packing use at the end of the procedure (abeta 2.40 h, p = 0.019) and baseline POP-Q stage IV (abeta 2.39 h, p = 0.021), patients in the early voiding trial group had faster return of spontaneous void than the standard group (abeta −2.31 h, p = 0.011). Candidate variables with p < 0.2 that were assessed but not included in the final ITT and PP analysis models were sacrocolpopexy as the major prolapse procedure, pre-operative PVR, and total local anesthetic used.
We found that 48% of patients randomized to an early voiding trial were spontaneously voiding 4 h after completing surgery. An additional 7 women (25.0%) in the early voiding trial group passed the voiding trial on post-operative day 1. Therefore, by the time of discharge there were no group differences in the rates of spontaneous voiding (74.1% vs 71%, p = 0.733; Other surgical factors, including type of prolapse repair, concomitant hysterectomy, and concomitant mid-urethral sling, were not associated with spontaneous void at the time of discharge (Table 3) . Length of admission did not differ by voiding trial group. When compared with those who were discharged using a catheter, those who passed their voiding trial had a 5-h shorter hospital admission (31.2 ± 13.0 vs 26.4 ± 5.8 h, p = 0.010). Of the 14 patients in both groups who required a catheter at the time of discharge on postoperative day 1 (24.6%), most (n = 12) were voiding spontaneously by post-operative day 6. The remaining 2 patients both in the standard group had prolonged urinary retention and required catheterization for 13 and 31 days respectively. For additional secondary outcomes, we found that length of admission, rates of urinary tract infection, post-operative complications, and emergency department visits up until 6 weeks post-operatively were similar by voiding trial groups ( Table 2) . Rates of urinary tract infection were low and not different between early and standard groups (0% vs10%, p = 0.552). Post-operative situational anxiety, pain scores, and meals eaten during the hospital admission were similar over time by voiding trial group (Table 2) . However, we found that patients in the early voiding trial group ambulated sooner and more often than those in the standard group during the hospital admission (p = 0.02, Table 2 ).
Situational anxiety in both groups was similar, decreasing throughout the admission ( Table 2 ). The highest scores were at baseline, indicating more anxiety, and lowest scores were on post-operative day 1 at 8 am. At the time of discharge on post-operative day 1, we found patients who were spontaneously voiding regardless of randomization group had significantly lower situational anxiety (STAI-S scores) than those who required catheterization (28.5 ± 10.1 vs 37.9 ± 13.7, p = 0.012). At discharge, women who were spontaneously voiding had less anxiety than at their pre-operative baseline (38.0 ± 13.1 vs 28.5 ± 10.1, p = 0.029). Women with retention did not experience a decrease in anxiety levels at discharge; their baseline and discharge scores were similar (41.4 ± 14.1 vs 37.9 ± 13.7, p = 0.482).
We found that baseline anxiety did not differ for patients with or without a history of anxiety or depression (39.3 ± 2.8 vs 38.9 ± 2.3, p = 0.916). However, women with a history of anxiety or depression had higher baseline pre-operative VAS pain scores than women with no history (2.5 ± 2.9 vs 0.95 ± 2.0, p = 0.026).
Lastly, there was no difference in total, direct, or indirect costs by voiding trial group (Table 4) . For cost categories, the early voiding trial group had higher post-anesthesia care unit costs by $121 (p = 0.033) compared with the standard voiding trial group. Medical/surgical floor costs were reciprocally higher with the standard voiding trial group by $71, but this was not statistically significant.
Discussion
This parallel-arm, randomized effectiveness trial evaluated early catheter removal after major pelvic floor reconstructive surgery. Our goal was to determine if an early voiding trial would result in a shorter duration of catheter use. In the ITT analysis, we did not detect a difference in time to spontaneous void by group, which is likely because the trial was underpowered owing to early study termination. However, in the multivariable regression using the ITT data, we found that the day-of-surgery voiding trial was associated with decreased time to spontaneous voiding when controlling for potential confounding factors. This decrease was also seen in the PPunadjusted and -adjusted analyses, which excluded crossover patients. The PP analyses represent the true effect of the intervention, which is important for assessing the two catheter management strategies. We can conclude from our findings that a day-of-surgery voiding trial is feasible and does not prolong catheter use, which has yet to be demonstrated in the literature for women undergoing major POP surgery. Our research has led to a universal buy-in for same-day discharge within our urogynecology division, shifting an outdated paradigm of postoperative day 1 catheter management after major pelvic floor reconstructive surgery. This is particularly important as many institutions move toward same-day discharge for minimally invasive and vaginal procedures. Another important finding was that half of women who failed the voiding trial on the day of surgery went on to pass the voiding trial the next morning, resulting in similar rates of spontaneous voiding at discharge in both groups. In addition, by the day of discharge, women in the early group had ambulated twice as often as those in the standard group. These findings, in conjunction with shorter duration of catheter use, provide data on early voiding trial outcomes that may be important to the patient, yet are lacking in the literature.
Post-anesthesia care unit (PACU) costs were higher in the early voiding trial group by $121. Women in the early group commonly had the voiding trial performed in the PACU, as opposed to the standard voiding trial group, who had the voiding trial on the floor post-operative day 1. The time needed to perform the test likely represents the difference in PACU costs. Reciprocally, the medical/surgical floor costs were higher in the standard group.
We found that a few hours of bladder rest after a failed early voiding trial resulted in passing a subsequent voiding trial the next morning. It is hypothesized that an attenuated response to normal bladder filling prevents initiation of the micturition reflex. Short-term abnormalities in bladder sensation are influenced by post-surgical factors such as pain, inflammation, edema, and anesthesia [6, 15] . Modifying these factors through adequate pain control, anti-inflammatory medications, and decompression in the immediate post-operative period may allow normal sensation to return overnight and lead to spontaneous voiding. It is possible that better pain and nausea control contributed to the early return of bladder sensation and spontaneous void in our study patients who had an early voiding trial. Pre-and post-operative anti-emetics and analgesics use was not recorded as part of this study.
When we dichotomized patients by voiding status at the time of discharge we found that women with urinary retention had a significant 5-h increase in the length of admission. It is intuitive that women who require education for catheterization techniques may need more time in the hospital. We found that women with more advanced anterior wall prolapse, later surgery end, and vaginal packing use were more likely to have urinary retention at the time of discharge. If we can identity women with these high-risk characteristics, there may be an opportunity for education earlier than the morning of postoperative day 1. Other studies have demonstrated conflicting results on predictors of post-operative urinary retention with severity of anterior wall prolapse, anesthesia type, higher EBL, concomitant midurethral sling, and levator myorrhaphy being both associated and not associated with retention [3] [4] [5] 8] . To our knowledge, our study is one of the first to examine the impact of a day-of-surgery voiding trial on women undergoing major apical suspension and obliterative prolapse procedures.
There are several considerations that limit the interpretation of our findings. The first was our inability to meet the estimated sample size, increasing the risk of bias due to a type II error. However, in our adjusted ITT analysis and PP analyses we did find a decrease in time to spontaneous void. In addition, our findings may be pertinent for hospitals that have not yet adopted same-day discharge. The perceived roadblock of voiding trial timing still exists in other locations, especially after pelvic floor reconstructive surgery. Our research question is timely, as many surgeons and hospital systems are moving toward expedited recovery to decrease costs and complications associated with hospitalization, such as venous thromboembolic events and infection [16] [17] [18] [19] . Notably, we did not find a decrease in length of admission in the early voiding trial group. This reflects their pre-planned inpatient status regardless of their voiding status. After completion of this study, the parameters for discharge home have changed and patients are being discharged on the day of surgery. Our study population was representative of a diverse sample of prolapse procedures to increase generalizability. The procedure breakdown was also reflective of our surgical practice patterns. However, we were not powered to detect differences between procedure types and thus our findings should be interpreted broadly. We did attempt to control for prolapse procedure type in the regression analyses, as all prolapse procedures were candidate variables. After backward removal techniques, prolapse procedures did not remain in the final models. Lastly, our findings are limited to a single institution and a mostly Caucasian, postmenopausal patient population.
Strengths of the present trial include the study design and strict definition of spontaneous voiding. We excluded women with pre-operative retention and randomized women undergoing a variety of procedures for pelvic organ prolapse. We used stringent criteria to define post-operative retention. The best PVR cut-off remains unknown, as there is little evidence supporting any one value. A recent American College of Obstetrics and Gynecology committee opinion, published after our trial ended, recommended PVR < 150 mL on three consecutive self-catheterization attempts or after a voiding trial with an indwelling catheter to define resolution of retention after mesh-augmented procedures [20] . We chose a conservative threshold, as that was standard practice at our institution, and to reduce unplanned visits for acute retention after discharge. In addition, we collected patient-centered outcome measures including pain, anxiety, and ambulation. We used an active comparator for our control group, which reflected a historical and national standard of care.
Previous studies have yet to demonstrate the effectiveness of an early or day-of-surgery voiding trial in women undergoing major pelvic reconstructive surgery. Although we were underpowered for our primary aim, we found in the multivariable regression ITT analysis that an early voiding trial did decrease time with a catheter and that regardless of voiding trial timing, the probability of spontaneous voiding by the morning of post-operative day 1 was over 70%. This trial shifted an outdated catheter management paradigm and consequently removed a considerable barrier to same-day discharge in a urogynecology population. Ultimately, we can conclude that early catheter removal is a feasible, safe, and acceptable alternative to the standard timing on post-operative day 1 in women undergoing major pelvic reconstructive surgeries.
